Introduction
Crossed fused renal ectopia (CFRE) is a rare congenital anomaly in which both kidneys are located and fused on the same side of the body, with a high incidence of stone formation and urinary tract infection (1) . CFRE is the second most frequently observed congenital malformation of the kidney after horseshoe anomaly, and occurs in 1 in 1,000-2,000 autopsies and ~0.01% of live births (1, 2) . There are six primary categories of CFRE; however, there is no specific clinical manifestation or standardized guideline for the management of upper urinary tract calculi in CFRE (3) . Due to the abnormal anatomical structure of the kidney and ureter, as well as the abnormal relationship with the surrounding structures (including the small bowel, vertebral column and blood vessels), the treatment of upper urinary tract calculi is technically challenging for urologists (4) . Few studies have reported the treatment of kidney stones in patients with CFRE and several treatment methods are available, including extracorporeal shock wave lithotripsy (ESWL) (5, 6) , percutaneous nephrolithotomy (PCNL) (4, (7) (8) (9) (10) (11) , laparoscopic nephrolithotomy (12) and retrograde intrarenal surgery (RIRS) (13, 14) . Open stone surgery is no longer performed in many hospitals and there is not an optimal approach that is applicable in all cases due to different stones sizes and different types of CFRE as reported in the literature (11, 12, 15) . In the present study, all patients with CFRE and upper urinary tract stones reported in the literature between 1996 and 2016 were reviewed. Two patients treated at Xiangya Hospital (Changsha, China) were retrospectively reviewed to provide suggestions for the effective management of such patients in clinical practice.
Materials and methods
Ethics statement. The 2 patients involved in the present study provided written informed consent to publish their case details. The present study was reviewed and approved by the Ethics Committee of Xiangya Hospital, Central South University (Changsha, China). The results of routine laboratory monitoring, including hemogram, renal function and urine analysis, were normal. Radiography of the kidneys, ureters and bladder revealed several right renal lower calices calculi and two possible ureteral calculi, one located on the right side at the level of the third lumbar vertebra and the other at the left ureteral orifice. Abdominal computed tomography (CT) scan revealed a left-to-right crossed fused kidney. The CT simultaneously confirmed bilateral ureteral calculi (right, 2x1 cm; left, 0.5x0.8 cm) and right renal calculi. The bilateral pelvicalyceal systems were moderately dilated as a result (Fig. 1) .
Management of upper
The patient was placed in a lithotomy position under general anesthesia. Ureteroscopy revealed that the left calculus was located in the left lower segment ureter ~0.5 cm from the left ureteral orifice. The calculus was subsequently fragmented with a holmium laser as previously described (16) . The left ureter was completely twisted to the right side and so the ureteroscope was unable to move forward any further following intracorporeal lithotripsy. A 6 F ureteral stent was placed in the left ureter and a 4 F ureteral catheter was placed in the right ureter for the right PCNL. The patient was subsequently turned to a prone position and a posterior upper calyx puncture was performed as previously described (4). Tract dilation was serially performed using a fascial dilator from 8 F to 16 F and a matched peel-away sheath was placed in the tract as previously described (4) . The stones were fragmented with a holmium laser or pneumatic lithotripter through an 8 F rigid ureteroscope. The stone-free status was confirmed, a 6 F double-J stent (Bard, Murray Hill, NJ, USA) was inserted via the percutaneous tract with the assistance of a guide wire and a matched size nephrostomy tube was inserted in the collecting system. The total surgical duration was 95 min. No obvious bleeding occurred.
The patient's postoperative course was uneventful. The duration of postoperative analgesia was 12 h and a postoperative abdominal X-ray did not reveal any stone shadows (Fig. 1F) . The Foley catheter and nephrostomy tube were removed at days 1 and 2 postoperatively, respectively. The patient was discharged on day 3 post-surgery. The two double-J stents were removed via cystoscopy at 1 month post-surgery.
Patient 2. Patient 2 was a 62-year-old woman admitted in March 2016
, who presented with a 3-month history of intermittent right flank pain and repeated urinary infections over the preceding 8 years. No abnormalities were identified in standard laboratory tests, with the exception of microhematuria. A CT scan revealed a left-to-right crossed fused kidney in her abdomen and a left ureteral stone (1.5x1 cm) was detected, causing the ectopic kidney pelvicalyceal system and the upper ureters to be moderately dilated (Fig. 2 ). An intracorporeal lithotripsy by ureteroscope under intravertebral anesthesia was planned. However, the left ureter was seriously twisted to the right side, and so it was not possible to move forward to the right location of the ureteral stone with a rigid ureteroscope. As such, a flexible ureteroscope was used. The calculus was identified ~10 cm from the left ureteral orifice and subsequently completely fragmented using a holmium laser. No stent or urinary drain was inserted postoperatively, and the patient was discharged uneventfully on day 2 post-surgery.
Literature review. PubMed (ncbi.nlm.nih.gov/PubMed) was searched for articles published in English between May 1996 and May 2016. The search terms used were as follows: 'Stone,' 'stones,' 'calculus,' 'calculi,' 'urolithiasis,' 'crossed fused,' 'CFRE,' 'kidney' and 'renal.' 'Bladder' and 'urethral' were excluded from the search. Articles that did not describe the treatment of patients were also excluded.
Results
Case study. The 2 patients were discharged uneventfully without major or minor complications. At the time of writing (follow-up duration was 31 months in case 1 and 2 months in case 2), the patients were asymptomatic and stone free with no notable complications.
Literature review. Details of the case study patients and the patients reported in the literature publications are summarized in Table I . Two studies (17, 18) included cases of crossed fused kidneys in their study groups with more detailed description. It was therefore not possible to extract enough information for analysis and so these articles were excluded from the results. In the reviewed studies, patients were aged 12-81 years, with a mean age of 42.3±18.5 years. Of the 19 patients reported, 10 were males and 8 were females. The ratio of renal ectopic side was left:right, 9:8.
As demonstrated in Table I , all patients suffered from different degrees of pain on the affected side, with or without hematuria. Up to 89% of patients presented with renal stones, whereas a small number of patients presented with ureteral calculi. A total of 3 patients had a history of failed ESWL. Patients received a variety of different treatments including conservative management in (n=2), ESWL (n=2), PCNL (n=11), laparoscope nephrolithotomy (n=1) and RIRS (n=3). Final complete stone clearance was achieved in 14 patients (73.7%) following single or multiple treatment sessions. No intraoperative or postoperative complications, including blood transfusion, uncontrolled hemorrhage and injury of surrounding viscera, were reported.
Discussion
CFRE is an uncommon congenital anomaly in which an ectopic kidney crosses the midline and merges with the orthotopic kidney on the other side, with two ureters inserted into their normal positions within the bladder trigone (1). CFRE has been reported to occur in 1 in 1,000-2,000 autopsies (2) and is slightly more common in males (3:2) (3). Left-to-right crossover occurs more frequently than right-to-left fusion (19) . Depending on the extent of fusion, location or rotation of the fused renal mass, the anomalous entity may be categorized as a unilateral fused kidney with inferior or superior ectopia, a sigmoid or S-shaped kidney, a lump kidney, an L-shaped kidney or a disc kidney (3). The mechanism that causes the ectopic renal anomaly remains to be elucidated; however, it has been hypothesized that inappropriate development of the ureteral bud and metanephric blastema in embryo may be one of the causes (19) .
The majority of patients with CFRE present no symptoms during their lifetime and the congenital anomaly is often typically identified by chance during a routine physical examination (1). Due to the abnormal anatomic location, patients with CFRE are more susceptible to urinary tract infections and calculus formation; as such, the common manifestations include vague abdominal pain, hematuria, pyuria and lower urinary tract symptoms (12) . The majority of patients, as well as the patients reviewed in the present study, present with varying degrees of flank pain and microscopic hematuria (6) (7) (8) 20) Various imaging studies, including ultrasonography, intravenous urography, CT or magnetic resonance imaging, may be used to estimate the crossed fused kidney (12) . CT is widely utilized in preoperative assessment as it may be utilized to precisely identify the anatomical characteristics of the anomaly and the anatomical relationship between the kidney and surrounding structures (21) .
The majority of asymptomatic individuals do not require invasive treatment for a long time, until hydronephrosis or renal function decrease is detected or ureter calculi impedes urinary drainage (1). Techniques used for management of upper urinary tract calculi in CRFE include ESWL, PCNL, laparoscope, flexible nephroscopy or ureteroscopy (6, 8, 10, 12, 13) . Urologists in many countries have abandoned open surgery due to the rapid development of minimally invasive technology (12) . Conservative management has been reported in two previous articles (15, 20) ; however, this only relieves pain and the obstruction remains. It was reported that 1 patient with a proximal ureter stone achieved final stone-free status following two sessions of ESWL (6); however, ESWL was unsuccessful for steinstrasse formation in another patient with a renal stone (5). An additional 3 patients with renal stones and a history of failed ESWL were identified in the present study (9, 12, 13) . These results suggest that ESWL may not a suitable choice for CFRE with upper urinary tract calculi.
PCNL as a minimally invasive method is considered the gold standard for treating stones located in the kidney and upper ureter, particularly large or complex stones, and has also been used to manage renal anomalies of ectopia, fusion or malrotated kidneys (4, 18, 22) . A study by Blackburne et al (23) reported their experience of PCNL in 37 patients with horseshoe kidneys. In their series, the final stone-free rate was 81.1%. A total of 10 out of 11 patients (90.9%) who were identified to have undergone PCNL in the present study achieved stone clearance except one patient, whose therapeutic outcome was unclear from the literature (11); unfortunately, the author did not describe the subsequent treatment of the patient. The anatomical deformity in patients with CFRE increases the risk of damaging the surrounding visceral and renal aberrant vessel injuries during surgery; therefore, special auxiliary methods, such as laparoscopic-assisted approaches, may be necessary (12) . A study by Srivastava et al (10) reported a complex case with musculoskeletal deformities resulting in a lack of access to the collecting system by PCNL under image guidance as the bowel was posterior to the crossed kidney. Therefore, a laparoscopic-assisted PCNL was performed, which achieved complete clearance of stones in a single session without any complications (10) . For large calculus or staghorn renal stones, PCNL may not be as effective as previously believed. A recent study reported that the more invasive the chosen procedure, the higher the one-stage stone-free rate, the lower the need for ancillary procedures and the lower the cost of hospitalization (24) . A study by Mishra et al (7) reported a 68-year-old female with a staghorn stone in her right ectopic kidney, for whom a residual stone remained following two PCNL treatments. A flexible nephroscope was used to access the site and achieve final total stone clearance in the third stage procedure. A study by Aminsharifi et al (12) reported another alternative treatment, laparoscopic nephrolithotomy, which consists of two procedures: Laparoscopic pyeloplasty and concomitant pyelolithotomy. However, this demanding surgery requires considerable professional surgical techniques and a long learning curve, as the existence of complex anatomical malformations and fragile renal vasculature increases the risk of injury to the aberrant renal vessels and makes it difficult to define the anatomical structures of the ectopic kidney (12) .
In recent years, flexible ureterorenoscopy has been widely used to treat renal stones due to higher stone-free rates, minimal invasion and fewer complications (25) . RIRS is to be an alternative to PCNL for the management of large renal calculi (≤3.5 cm) (26) and has been demonstrated as a safe and effective measure for treating stone disease in patients with horseshoe kidneys (27) . A study by Resorlu et al (14) reported a 28-year-old male with calyceal stones in his ectopic kidney who underwent RIRS with a good outcome. Another study reported a case in which the location of the renal calyceal stone was not reached following two RIRS procedures; however, the author did not discuss the reasons for this failure (13) . In the present study, the left ureteral calculus near the ureteral orifice in patient 1 was removed using ureteroscopy. However, due to the seriously twisted ureter crossing the midline, RIRS was used to remove calculi successfully in patient 2.
In conclusion, the results of the present study suggest that, for the treatment of CFRE with upper urinary tract calculi, conservative treatment and ESWL are unsatisfactory. Ultrasonographic-guided, CT-guided or laparoscopic-assisted PCNL are safe and effective methods for treating renal calculi in such patients and laparoscopic nephrolithotomy is an alternative choice for large or staghorn renal stones. Ureteroscopy is the first choice for patients with ureter calculi, whereas RIRS should be used when the stone is unreachable in the seriously twisted ectopic ureter. RIRS may become the first line of treatment for renal stones (≤3.5 cm) in crossed renal deformity due to its multiple merits.
